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ABSTRACT

Interplanetary trajectories using the gravity assists are studied for future Korean
interplanetary missions. Verifications of the developed softwares and results were
performed by comparing data from ESA’s Mars Express mission and previous results.
Among the Jupiter exploration mission scenarios, multi-planet gravity assist mission
to Jupiter (Earth-Mars-Earth-Jupiter Gravity Assist, EMEJGA trajectory) requires
minimum launch energy (C3) of 29.231 km?/s? with 4.6 years flight times. Others,
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such as direct mission and single-planet(Mars) gravity assist mission, requires launch
energy (Cs) of 75.656 km?/s? with 2.98 years flight times and 63.590 km?/s? with
2.33 years flight times, respectively. These results show that the planetary gravity
assists can reduce launch energy, while EMEJGA trajectory requires the longer flight

time than the other missions.
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LR A0E ettt oo thE AT A5 AF G2 F 4ol BYon, 37 162 o] B
T 34 2 FHAE o183 T4 SR AR P AL B F3 Yot
54 54 BHAI IFE Hlu BN dot

FAM 2" Az B4 B4 4FE 548 E 59 Y Uitk A8 4R (AF-E4)9
¢ AT %A 7=+ AR A gel & 75.656km?/s2olH, Y B 2H FIHATL—3H
A—EA4)E 18T F2o B 4 2 SHAT-AH-AT-EA)E o188 F9:, 42
63.590km?/s* R 29.231km*/s’ 2 & ehdth AA 47 £ 2 7HE AUA g Feox 7
Zrel 47 B2 A9 RY Y JF 108.005km?/s*, @Y FA 24 FHIF 100.991km?/s?, B4
B4 2 T JF 65.830km?/s° 22 AT S WA 2FHE AUAE HRET T £ 27
E AA VA Y SHAME B P4 2 THEF o188 F7H AR AL Az B4 g
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4 5038 24 33

il

ol &3t B4 wAl Y7o # 28 (EMEJGA Trajectory).

Values Calculated Results
2% &3 AZH(YYYY:MM:DD:HH:MM:SS) 2012:08:09:00:00:00
34 2H 9 AA(YYYY:MM:DD:HH:MM:SS)  2014:05:02:00:00:00
AF 28 B3 AZ(YYYY:MM:DD:HH:MM:SS)  2014:11:15:00:00:00

EA =3 AZH(YYYY:MM:DD:HH:MM:SS) 2017:03:15:00:00:00
¢ %Al AV A7) (km/s) 5.406
2 &84 C3 A Al(km? /s?) 29.231
A 24 A Vg HEl 8] 27 (km/s) 7.353
34 24 $3A v el 37](km/s) 7.352
34 24 B34 BE 34 AVikm/s) 2.342
314 23 SHA AA 3] A Z(deg) 18.33
34 24 3 1= (km) 783.017
AF T4 A Vo BH 271 (km/s) 11.575
A7 24 34 Vb 989 27] (km/s) 11.576
A 28 B34 ¥ 49 AV(km/s) 6.957
AT 2 34 AA) 3] A Z(deg) 34.97
AR 23 7 15 (km) 545.527
24 £33 AV A7)(km/s) 6.050
EA4 =34 C; A (km?/s?) 36.608
% A% 717 (years) 4.60

25 7 dFE vla ¥4 Fa

Ay gy ad A 2 P4
(AT—5A) 23 5 27 243 73 9%
(AF—34-84) AP -AF-54)

A7 2% A 2028:12:26:00:00:00 2031:02:15:00:00:00 2012:08:09:00:00:00

(YYYY:MM:DD:HH:MM:SS)

24 2 Azt 2031:12:19:00:00:00 2033:06:15:00:00:00 2017:03:15:00:00:00

(YYYY:MM:DD:HH:MM:SS)

A F &% AV(km/s) 8.698 7.794 5.406

E4 £ 2A AV(km/s) 5.687 6.115 6.050

AA AV (km/s) 14.385 13.909 11.456

A7 ERA C3(km?/s?) 75.656 63.590 29.231

4 £ 3A] C3(km?/s?) 32.349 37.401 36.608

AA Cs3(km?/s?) 108.005 100.991 65.839

% A% 42 AZHyears) 2.98 2.33 4.60
PEE Y T & Aok g FF SutetdA 54 gA AR E S8 8 AR, 34 24
E o] &3 v AL BAFS IF I R33N U E ZF E 5 9o e dAR )
U olae) 94 't Absstel 9% 284S S0 A £ QAT ST F AT 7109 3
F, B 34 2H B YR F46d9 V)L 282 FoR o2 AR Y AW 97D A
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Y Coordinate (AU)
o

Mars 1st Fiyby
{2014.05.02)

arth Launch
(2012, 08.09)

Jupiter Artival
{2017.02.15}

-6 " L

X Coordinate (AU)

328 16. BEF YA 2 BHE o3 B4 A 4 FY HFH Mo ¥ H A9 R4(EMEIGA Trajectory).

%2989, Y B ZH 54 4579 B¢ F233d)R0) B gF /e e A= d
Hol Atk w3 FA AFF vhe} Zo] FA —3@ EHE o3 AL 2 53 A s P4
#o) 3= A¥A dEol - AU vy AR AV 2 FHY E 58 AR 9y gAY =
HEBAE IS8T AL/ A AF Bt 9F £ 8 7HE A AAE NIRRT & 4F 53
N AAME F& S YT Utk AT ARAA AT AN IFES A5 2R 3
AT &L 2 BEY =22 A7), F4 2 53E 23 90 i JBA, 97 =A
! B4 $€ A8 1S A 2oz YdRE AASH E D7t Aok

e

6. 2 8

2 2T FE 2UUY 24 BA) 9Tl tulstel R4 2 FHE o8 WA A
4 4A) e 978 AN £ FF Seluete) 44 2 BHE o8 AAD BAA
o HY AR AN Aol ASHES SAA WY AZ 4 222U ALedn AL =
2399 45L YUY A3 IXE $H 43 How 429 A7 94 B =E(Petropoulos
& et al. 2000)7+) 23 @ W stod RYTh HAAY AT 2% Ay @R A Ao o 439,
ot RFHE AP 2% AV 39 Hoh £0.1km/s] 2 AE Ve o= AR A
A% B AR S W D dtolob s ThFR WESCRAAY A5 2 AR AR e
AT B2 Y BE 4% y.oq F3 9tk B A7ol4 Qo)W AHE Bt BF S
bl A B4 "AL A4S P T S T S
39 2% 2% 2 9% zg% FUH AL 4 AT BS 2A T 4 Uk =8 A% =23
© FF peluete) 94 24 THE 0189 BAAY WA AR AA 3, D4 BN IF A
AN ASE 4 AT
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